Objective: To examine the trends in incidence and long-term case fatality of childhood stroke in New Jersey using a statewide administrative database for the years 1994-2007.
Stroke is one of the top 10 causes of death among children. 1 Annual incidence of pediatric stroke in the United States and abroad is estimated to be between 1.29 and 13.02 per 100,000 children. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] In 2006, one study conducted in the Greater Cincinnati metropolitan region examined temporal trends in pediatric stroke from 1988 to 1989, from 1993 to 1994, and in 1999 and reported no change in incidence. 8 These estimates do not provide information on more current trends. Other studies have examined in-hospital and 30-day mortality from pediatric stroke with death rates ranging from 3% to 20%. 2,8,14 -16 One study conducted in Hong Kong examined long-term mortality using children's stroke registry data between 1998 and 2001. 11 There are no recent epidemiologic data on long-term mortality from pediatric stroke in the United States.
The purpose of this study was to examine the trends in incidence and long-term case fatality of childhood stroke in New Jersey using a statewide administrative database.
METHODS Using the Myocardial Infarction Data Acquisition System (MIDAS) database for the years 1994 -2007, we 1) calculated the incidence and examined temporal trends in the incidence of pediatric stroke and 2) examined factors asso-ciated with in-hospital, 30-day, 1-year, and 5-year case fatality.
Data sources. MIDAS contains hospital records of all patients admitted to nonfederal hospitals in New Jersey with a cardiovascular disease diagnosis or procedure. The information from the MIDAS database has been previously validated using a random sample of 726 medical charts. 17, 18 In addition, a random chart review performed on patients with stroke showed 89.5% specificity for diagnosis of stroke.
Selection of cases. We identified 1,066 children aged 0 -19 years admitted for a first time with a primary diagnosis (reason for admission) or secondary diagnosis of stroke (International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] codes for hemorrhagic stroke type [430 -431] and ischemic stroke type [433. 01, 433.11, 433.21, 433.31, 433.81, 433.91, 434.01, 434.11, 434 .91, 437.5, and 437.6]) from 1994 to 2007. However, we performed analyses on a subset of 715 children after exclusion of 351 children based on the following criteria: neonates (age Յ30 days, n ϭ 256), children with a history of perinatal or traumatic brain injury (ICD-9-CM codes 767, 768 or 772, 800 -804, 850 -854, and 900, n ϭ 42), children with diagnosis codes for both ischemic and hemorrhagic stroke (n ϭ 12), children with a history of CNS tumor (ICD-9-CM codes 191, 225, 239. 6, 198.3, 237 .5, and 237.6, n ϭ 31), children with discrepancies in date of birth (n ϭ 3), and children with marital status listed as Widowed and primary insurance listed as Medicare (n ϭ 6) and marital status listed as Married for a child younger than 12 years (n ϭ 1).
Standard protocol approvals, registrations, and patient consents. The New Jersey State and the University of Medicine
and Dentistry of New Jersey institutional review boards approved the study with waiver of consent.
Patient characteristics.
In addition to age, we obtained information on the following variables from the MIDAS database: race, gender, primary insurance, type of stroke, source of admission, patients' status upon discharge, and length of stay.
Predisposing conditions. We examined the presence of predisposing conditions recorded either at the index stroke admission or any hospital admission before the index stroke using ICD-9-CM codes, which are presented in table e-1 on the Neurology ® Web site at www.neurology.org. The number of predisposing conditions was categorized into 4 categories as follows: no, 1, 2, and 3 or more conditions. Ascertainment of death. We obtained death information (date and cause of death) by matching the MIDAS records to New Jersey Death Registration Files (NJDRF) using a public automated and previously validated record linkage and consolidation software (The Link King). 19 In addition to the NJDRF data, the MIDAS records also provided information on inhospital deaths. In 18 (2.5%) cases, the information on patients' status upon discharge did not match date of death from the NJDRF, leading to discrepancies in the 2 data sources. To resolve this issue, we defined deaths based on the NJDRF data.
We considered deaths as in-hospital if the date of death was greater than or equal to index admission date and less than or equal to index discharge date. If date of death was after the discharge date, we considered deaths as out-of-hospital. We calculated time to death as the number of days from the index admission date to the date of death for patients who were dead. We also calculated time to the end of the study as the number of days from the index admission date until December 31, 2008, for patients who were alive. We classified cause of death into cerebrovascular and noncerebrovascular categories.
Statistical analyses.
We examined the distribution of patient characteristics and predisposing conditions by stroke type. We calculated incidence of stroke (per 100,000 children) as the ratio of the number of children with stroke in a given year divided by the New Jersey population between the ages of 0 and 19 years for the same year obtained from the New Jersey Department of Health and Senior Services. We calculated the incidence rates for 4 age groups (i.e., Ͼ0 days and up to 4 years, 5-9 years, 10 -14 years, and 15-19 years) separately. Because the proportion of children in each age group changed over the 14-year study pe- riod, we performed age adjustment of the observed rates by multiplying them with proportion of children in New Jersey in each of the age groups in 2000. When examining the time trends in incidence (i.e., effect of year), we hypothesized that important predictors of stroke incidence are 1) use of diffusion-weighted (DW) MRI, 2) better control of hypertension among children (because of lack of trend data on control of hypertension in children, we used trends in adults as a proxy), and 3) better treatment of children with sickle cell disease (SCD) after 1998 (we hypothesized that children with SCD received periodic transfusion therapy for prevention of stroke after the Stroke Prevention Trial in Sickle Cell Anemia [STOP] study results were published in 1998). 20 We obtained trend data on the percentage of US adults with controlled hypertension from the National Health and Nutrition Examination Survey and percentage of hospitals providing DW MRI in the state of North Carolina as a surrogate of this variable in New Jersey. [21] [22] [23] [24] [25] We defined a variable with a value of 0 for years 1994 -1998, 1 for 1999, and an increase by 1 unit per year thereafter to reflect an increase in the percentage of children with SCD who were treated with periodic transfusions. We used linear interpolation for data for years with missing values for SCD treatment and DW MRI use. First, we fitted a model with all 3 predictors and year of study using least-squares linear regression (model 1). The predictors were all highly correlated (correlation coefficients greater than 0.90), which suggests that all the predictors contribute more or less the same to the response. This collinearity issue reduced the adjusted R 2 and resulted in a less significant overall model. To obtain a more reasonable model, we performed variable selection using the GLMNET methodology, which is a form of the LASSO methodology. 26 It performs variable selection and corrects for collinearity. 26 We used crossvalidation techniques to find the tuning parameter. 26 This technique selected only 2 variables: better treatment of SCD and use of DW MRI. We fitted an additional linear regression model (model 2) using these 2 variables only.
For mortality analyses, we fitted a Cox proportional hazards regression model to assess the effect of covariates on time to death from stroke. The procedure followed to generate the Cox model consisted of 3 steps: 1) selection of initial covariates plus interactions between covariates, 2) variable selection using Elas-tic net and LASSO, and 3) generation of the final fit with selected variables. Because the number of initial covariates was quite large, it was not feasible to include all possible interactions. For this reason, we used a procedure called CART to select a few important interactions. 27 We selected 14 interactions: interactions of source of admission with insurance, race, type of stroke, age, gender, and number of predisposing conditions; interactions of length of stay with insurance, source of admission, type of stroke, age, race, gender, and number of predisposing conditions; and interaction between length of stay, source of admission, and insurance. In addition, we selected interactions of hypertension with nephrotic syndrome, congenital anomalies of the circulatory system, and dysrhythmia. In step 2 we started with 38 covariates plus 17 interactions and we ended up selecting only 10 covariates and 5 interactions using the LASSO methodology. Finally, we fitted a Cox proportional hazards regression model to assess the independent effect of the covariates on time to death from stroke. We plotted adjusted survival curves from proportional hazards models for all time intervals. SAS/STAT software version 9.1.3 (SAS Institute Inc., Cary, NC) and R software were used for all analyses. 27 RESULTS Patient characteristics. Patient characteristics are displayed in table 1. Mean age at the index stroke was 8.9 (Ϯ6.9 SD) years. Stroke occurred more frequently in boys.
Differences in patient characteristics were noted between stroke subtypes. Ischemic strokes were more prevalent than hemorrhagic strokes in black children (30.1% vs 18.8%, p ϭ 0.002). Children having ischemic strokes were more likely to be discharged home than those with hemorrhagic strokes (58.5% vs 48%, p Ͻ 0.0001). Approximately 54.7% of children had at least one predisposing condition and 24.5% of those had multiple predisposing conditions. The most prevalent predisposing conditions were hypertension, cardiac dysrhythmia, meningitis/encephalitis, congenital anomalies of the circulatory system, and SCD (figure e-1). Hypertension, SCD, and meningitis/encephalitis were more commonly associated with ischemic stroke. Conversely, children with hemorrhagic stroke were more likely to have coexisting cardiac dysrhythmias and arteriovenous malformations.
More than half of the children were admitted through the emergency room and 24% from health care facility transfer. In instances of hospital transfer, the primary reason for admission before the index stroke was a predisposing factor for stroke (meningitis or sickle cell crisis).
Age-adjusted incidence of pediatric stroke. Average age-adjusted incidence of stroke was 2.24 per 100,000 children. Age-adjusted incidence rates of stroke for the study years are shown in figure 1 . The time trend of overall incidence rates followed a significant quadratic trend in which the rates decreased from 1994 to a nadir at 1999 -2001 and increased thereafter (overall p for trend ϭ 0.06 with quadratic term p ϭ 0.02). Figure e-2 shows the age-adjusted Age-adjusted incidence rates and 95% confidence intervals (CI) of pediatric stroke for 1994-2007
incidence by type of stroke. Although the rates for both types of stroke overlapped, a significant quadratic trend existed in the incidence rates of ischemic stroke for which the rates decreased until year 2001 followed by an increase (overall p for trend in ischemic stroke ϭ 0.07 with quadratic term p ϭ 0.03). The rates of hemorrhagic stroke remained stable during the study period, showing no specific trend ( p for trend in hemorrhagic stroke ϭ 0.34 with quadratic term p ϭ 0.22). Based on the LASSO methodology, the parabolic incidence trend could potentially be explained by 2 factors: better treatment of SCD with transfusion therapy among children after year 1998 ( p ϭ 0.007) and an increase in the diagnostic utility of DW MRI ( p ϭ 0.009). LASSO estimates of the regression coefficients were within 2 SEs of the least-squares regression coefficients, indicating that both methods produced similar estimates.
Case fatality from pediatric stroke. Figure 2A shows case fatality rates by stroke type. The overall in-hospital case fatality for pediatric stroke was 12.4% during the study period. Thirty-day, 1-year, and 5-year case fatality was 12.3%, 15.7%, and 17.5%, respectively. Approximately 70% of the deaths occurred within the first month of hospitalization with an additional 19.2% occurring within 1 year from the index stroke. Case fatality of hemorrhagic stroke was significantly higher than that of ischemic stroke at all time intervals studied.
The proximal causes of death are shown in table 2. The majority of cerebrovascular deaths were due to subarachnoid or intracerebral hemorrhage. Noncerebrovascular causes of death included diseases of the CNS, congenital malformations of the nervous and circulatory system, cancer, infections including HIV, and injury/poisoning/assault. Other noncerebrovascular deaths were due to diseases of respiratory, digestive, genitourinary, blood, and endocrine systems. Approximately 24.5% of the children who died from a noncerebrovascular cause had a history of the condition that led to death. The adjusted risk of death is presented in table 3. Children with hemorrhagic stroke were twice as likely to die as those with ischemic stroke after adjustment for covariates. In addition to stroke type, a history of cardiac dysrhythmia, leukemia, HIV infection, meningitis, coagulation defect, and connective tissue disease were significant predictors of mortality. Adjusted survival curves showed a significantly lower survival among children with hemorrhagic stroke at all time intervals ( p ϭ 0.0005) ( figure 2, B-D) . DISCUSSION Our study shows that the incidence of pediatric stroke has increased since 2001. This rise is due to an increase in the incidence of ischemic stroke only, whereas the incidence of hemorrhagic stroke has remained stable. The parabolic relationship in the trends of incidence could potentially be explained by 2 factors: better treatment of SCD with transfusion therapy among children after 1998 and an increase in MRI use. Children with hemorrhagic stroke had a much higher risk of death than those with ischemic stroke.
National trends indicate that the incidence of stroke in the young is on the rise with a reported 30% increase in ischemic stroke hospitalizations in children between 5 and 14 years. 28 This finding is consistent with our observations from the MIDAS database. The reasons for the increase in pediatric stroke are unknown. The rise may be partly explained by an increase in the availability and use of more sensitive MRI over the past decade. 25, 29 In this analysis, the increase in stroke incidence was determined by an increase in ischemic stroke but not hemorrhage. DW MRI is very sensitive for detecting acute cerebral ischemia and may detect small infarcts not previously recognized clinically or by CT scan, whereas CT remains the gold standard for detecting acute intracranial hemorrhage. In addition, we speculate that better awareness of stroke symptoms and more referrals of young patients to neurologists may contribute to this trend. Increases in the prevalence of traditional atherosclerotic vascular risk factors (i.e., obesity and hypertension) in children may also explain this trend. However, these risk factors were only observed in 2% of patients having arterial ischemic stroke in the International Pediatric Stroke Study, 30 whereas arteriopathies related to other risk factors including focal cerebral arteriopathy, moyamoya syndrome, arterial dissection, and autoimmune or postinfectious inflammatory vasculopathies accounted for more than 50% of ischemic strokes. 30, 31 Before 2001, we observed a decline in the incidence of stroke due to decreases in ischemic stroke admissions. The cause of this decline is probably multifactorial, but improved stroke prevention in children at risk probably played a role. For instance, the STOP trial demonstrated that at-risk children with SCD greatly benefited from transfusion therapy with a 92% relative decrease in the rate of first stroke. 20 Although the results of this study were formally published in 1998, pediatricians may have incorporated transfusion therapy into their SCD treatment practices before 1998 based on preliminary data. 32, 33 A decrease in annual rates of admissions for first stroke has been reported for California children with SCD after the publication of the STOP study results. 34 Similarly, another study reported that the use of transcranial Doppler ultrasonography screening among children with SCD within a large managed care plan increased 6-fold with a subsequent decrease in annual stroke incidence after the first transcranial Doppler screening. 35 Our finding of an initial decrease in the incidence from 1994 to 2001 is consistent with prior literature. However, it is likely that other unmeasured variables also contributed to this decrease between 1994 and 2001. Examining pediatric stroke mortality per 100,000 person-years in the United States and United Kingdom, previous investigators described time trends for the 20th century. 36, 37 These investigators did not examine case fatality of pediatric stroke. We were able to track children from the index stroke until death, thus overcoming this limitation of other studies. In-hospital and 30-day mortality rates (12.4% and 12.3%, respectively) presented in our study are consistent with previous reports. 2,8,14 -16 The 1-year and 5-year case fatality rates presented in our study (15. 7% and 17.5%, respectively) indicate that 82.5% of the children with stroke were alive at the end of the 5-year follow-up. Hemorrhagic stroke was associated with higher mortality rates than ischemic stroke, which is consistent with other studies. 3, 16 Our study showed that approximately 75% of the children having a stroke died of noncerebrovascular causes. The majority of children who had a specific cause of death, such as SCD or meningitis, had a history of the condition, indicating that these were preexisting diseases. This finding is consistent with another study that compared data for children from a Swiss registry with those for young adults from the Bernese stroke database and reported that children often died of the underlying disease that provoked the stroke. 38 This study has important strengths, including the inclusion of all pediatric strokes in New Jersey, the 5-year follow-up, and the 14-year incidence trends. We also believe that the findings from our study are probably generalizable to other states because of the inclusion of statewide pediatric stroke patients. There are some limitations to our study. MIDAS does not include deaths occurring outside of the state. The stroke patients discharged in or after 2004 (n ϭ 227) did not have a complete follow-up of 5 years because of lack of death data after 2008. For these reasons, case fatality rates reported in our study may be underestimated. MIDAS does not contain detailed clinical information, and these administrative data are subjected to coding errors. We used data on adults as a proxy for children because of the lack of data on trends in percentage of children with controlled hypertension as well as imputed data to explain the trends in incidence, which may introduce bias. Last, we were unable to assess the degree of disability in stroke survivors.
This study showed a rising trend in the incidence of pediatric stroke since 2001. Further research is warranted to examine the factors associated with this trend. 
